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VARIABLE IMPEDANCE VOICE COIL
LOUDSPEAKER

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 60/813,112, filed Jun. 12, 2006, titled VARI-

ABLE IMPEDANCE VOICE COIL LOUDSPEAKER,
which application 1s incorporated into this application 1n its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to the field of loudspeak-
ers. In particular, the invention relates to a variable impedance
multiple voice-coil electromagnetic loudspeaker.

2. Related Art

A loudspeaker typically includes a frame, a motor system
that provides a magnetic field across an air gap, a voice-coil,
a Tormer for supporting the voice-coil 1n the air gap, a dia-
phragm having an outer perimeter and an apex, and a sur-
round coupled to the outer perimeter and the frame to support
the outer perimeter from the frame. The voice-coil, supported
by the former, 1s coupled to the apex of the diaphragm so that
the current that flows through the voice-coil and causes the
voice-coil to move 1n the air gap also causes the diaphragm to
move.

The motor system functions as an electro acoustic trans-
ducer (also referred to as simply a transducer or loudspeaker).
The motor system typically includes a magnet (typically a
permanent magnet) and associated ferromagnetic compo-
nents—such as pole pieces, plates, rings, and the like—ar-
ranged with cylindrical or annular symmetry about a central
axis. However, any device that creates a static magnetic field
may be used, including field coi1l motors with no permanent
magnets. Moreover, other arrangements may be used, such as
square, race track or other asymmetric configurations.

Taking the annular configuration as a typical example, the
motor system establishes a magnetic circuit in which most of
the magnetic flux 1s directed into an annular (circular or
ring-shaped) air gap (“magnetic gap” or “magnetic field”),
with the lines of magnetic flux having a significant radial
component relative to the axis of symmetry. The voice coil
typically 1s formed by an electrically conductive wire cylin-
drically wound for a number of turns around a coil former.
The coil former and the attached voice coil are 1nserted mto
the magnetic gap of the motor system such that the voice coil
1s exposed to the static (fixed-polarity) magnetic field estab-
lished by the motor system. The voice coil may be connected
to an audio amplifier or other source of electrical signals that
are to be converted nto sound waves. A rigid loudspeaker
diaphragm (often called a cone due to the typical shape) 1s
suspended by one or more supporting but compliant elements
of the loudspeaker, e.g., a surround, spider, or the like, such
that the flexible portion permaits the rigid diaphragm to move.
The diaphragm 1s mechanically referenced to the voice coil,
typically by being connected directly to the coil former on
which the voice coil 1s supported.

In operation, electrical signals are transmitted as an alter-
nating current (AC) through the voice coil 1n a direction
substantially perpendicular to the direction of the lines of
magnetic flux produced by the magnet. The alternating cur-
rent produces a dynamic magnetic field, the polarity of which
tlips 1n accordance with the alternating wavetform of the sig-
nals fed through the voice coil. Due to the Lorenz force acting,
on the coil material positioned 1n the permanent magnetic
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field, the alternating current corresponding to electrical sig-
nals conveying audio signals actuates the voice coil to recip-

rocate back and forth in the air gap and, correspondingly,
move the diaphragm to which the coil (or coil former) 1s
attached. Accordingly, the reciprocating voice coil actuates
the diaphragm to likewise reciprocate and, consequently, pro-
duce acoustic signals that propagate as sound waves through
a suitable tluid medium such as air. Pressure differences inthe
fluid medium associated with these waves are interpreted by
a listener as sound. The sound waves may be characterized by
their instantaneous spectrum and level, and are a function of
the characteristics of the electrical signals supplied to the
voice coil.

A loudspeaker transducer 1s associated with a nominal
impedance. The electro-acoustic characteristics of the trans-
ducer depend on its net or nominal impedance. In some set-
tings, 1t may be desirable to vary the nominal impedance of
the loudspeaker. Currently commercially available dual voice
coll (“DVC”) loudspeakers may be configured to allow a user
to switch between one of two different loads: (1) between a
2-ohm and 8-ohm load or (2) between a 1-ohm and 4-ohm
load. However, with these currently available switchable dual
voice coil loudspeakers, 1t 1s generally only practical to use
one of the two available impedance values. With a switchable
2-ohm/8-ohmloudspeaker, 8 ohms 1s rarely used due to 1ts
low output sensitivity. With a switchable 1-ohm/4-ohmloud-
speaker, the 1-ohm load 1s also rarely used because 1t creates
current delivery problems for many amplifiers. Moreover, the
respective loudspeaker configurations will not have the same
electrical parameters, such as electromotive force (BL*/Rc).

Alternatively, a loudspeaker system may be installed such
that the loudspeakers themselves are configured either in
parallel or in series, depending on the desired load. However,
installation of such a system according to the required speci-
fications for a particular setup 1s generally complex and can
result 1n mistakes or complications. Thus, 1t 1s desirable to
provide a simplified loudspeaker installation procedure that
will allow for flexibility 1n impedances, will result in fewer
mistakes and miscalculations in 1nstallation, and will operate
under the same electrical parameters regardless of the imped-
ance value of the load.

SUMMARY OF THE INVENTION

A vanable-impedance electro acoustic loudspeaker having
multiple voice coils 1s disclosed. The loudspeaker includes a
coil former around which three coils are wound and a switch
in communication with two of the coils such that when the
switch 1s 1n a first position the loudspeaker has a first net
impedance value, and when the switch 1s 1n a second position
the loudspeaker has a second net impedance value. In one
embodiment of the disclosed loudspeaker, when the switch 1s
in the first position, the first coil 1s 1n series with the second
coil to form a series combination 1n parallel with a third coil,
and when the switch 1s in the second position, the first coil 1s
in parallel with both the second coil and the third coil.

The motor system of the loudspeaker may turther include a
magnetic assembly for creating a static magnetic field with
which the coils are electro-dynamically coupled. The voice
colls may be made of a single layer winding, dual layer
winding, or windings having more than two layers. In addi-
tion, the coils may be configured 1 any number of ways,
including for example, radially adjacent each other, axially
adjacent each other, in a multifilar configuration, or any com-
bination of these.

In accordance with the invention, the net impedance of a
loudspeaker may be switched between two different values,
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depending on the configuration of the coils and switch. The
colls may be selected so as to optimize desired loudspeaker
characteristics for one or both of the net impedance values,
such as electromotive force or SPL.

BRIEF DESCRIPTION OF THE FIGURES

The invention may be better understood by referring to the
following figures. The components in the figures are not
necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. In the figures, like
reference numerals designate corresponding parts throughout
the different views.

FIG. 1 1s a cross-sectional view of an example of one
implementation of a selectable impedance transducer.

FIG. 2 15 a circuit diagram 1llustrating an example of one
implementation of an electrical configuration of the voice
coils for utilization 1n the transducer of FIG. 1.

FI1G. 3 1llustrates a first example of a structural configura-
tion for the voice coils for utilization 1n a selectable 1imped-
ance transducer.

FIG. 4 1llustrates a second example of a structural configu-
ration for the voice coils for utilization 1n a selectable imped-
ance transducer.

FIG. 5 illustrates a third example of a structural configu-
ration for the voice coils for utilization 1n a selectable imped-
ance transducer.

FI1G. 6 1s an electrical diagram 1llustrating a first example of
two alternative sound system configurations using one
embodiment of a selectable impedance transducer.

FIG. 7 1s an electrical diagram 1illustrating a second
example of two alternative sound system configurations using
another embodiment of a selectable impedance transducer.

FIG. 8 illustrates a frequency response curve for a 2-ohm
nominal i1mpedance loudspeaker and a 4-ohm nominal
impedance loudspeaker having more than two voice coils
optimized 1n accordance with one example of one implemen-
tation of the invention.

DETAILED DESCRIPTION

FIGS. 1-8 describe various implementations of a selectable
impedance transducer for use 1n a loudspeaker. For purposes
of this application, in general, the term “communicate” (for
example, a first component “communicates with” or “is 1n
communication with” a second component) i1s used 1n the
present disclosure to indicate a structural, functional,
mechanical, electrical, optical, magnetic, 1onic or fluidic rela-
tionship between two or more components (or elements, fea-
tures, or the like). As such, the fact that one component 1s said
to communicate with a second component 1s not intended to
exclude the possibility that additional components may be
present between, and/or operatively associated or engaged
with, the first and second components. Moreover, references
to orientation (such as “inner,” “outer,” “upper,” “lower,” etc.)
are for ease of reference only and should not be construed as
a limitation on the mvention.

FIG. 1 1s a cross-sectional view of an example of one
implementation of a selectable impedance transducer 100
according to the present imnvention. The electro acoustical
transducer 100 (also generally referred to as a “transducer” or
“loudspeaker”) may be considered as having a multiple-coil
motor system configuration or, more generally, a multiple-
coil configuration. As illustrated 1n FIG. 1, an electromag-
netic motor system 102 1s disposed at the middle to lower
portion of the transducer 100. The motor system 102 (referred
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magnetic assembly comprised of a permanently charged
magnetic element 104 1n communication with a second mag-
netic element 105 extending upward from a back plate (or
“t-yolk” or “pole plate”) 108. It will be understood that the
particular motor system configuration illustrated in FIG. 1 1s
merely one example implementation of a motor system for
use in the invention. The motor system 102 may be any known
device, having any known configuration, that creates a static
magnetic field 1n which the voice coils may operate. Further,
while the configuration of FIG. 1 illustrates a circular motor
system 102, such a circular, symmetric arrangement 1s 1llus-
trated and described by way of example only. It will be under-
stood that other arrangements may be used, including for
example, square, race track or other asymmetric configura-
tions.

The illustrated motor system 102 of FIG. 1 may further
include a top plate (or “front plate”) 107. The magnetic

assembly 104, 105, the back plate 108, and the top plate 107

complete a magnetic circuit 1n the motor system 102, setting
up a static magnetic field 112 in which a voice coil or multiple
voice coils may operate. The motor system 102 may further
include an electrically conductive multiple-coil configuration
106 (e.g., voice coils) having three or more voice coils (also
referred to simply as “coi1ls”) 148, 149, 150. In this multi-coil
configuration 106, the individual voice coils 148, 149, 150
may be comprised of a single layer or dual layer (or more)
winding, and the configuration 106 may be such that the voice
coils 148, 149, 150 are wound adjacent each other (as, for
example, 1llustrated in FI1G. 1), or wound together 1n a bafilar,
trifilar (or generally, 1n a multifilar) configuration. Although
the embodiment described includes three voice coils, four or
more voice coils may be used in accordance with the mnven-
tion.

The magnetic assembly 104, 105 may be any device suit-
able for providing a permanent magnetic field with which the
multi-coil configuration 106 may be electro-dynamically
coupled. An additional coil or field coil may be used 1n place
of, or 1n addition to, the permanently charged magnetic ele-
ment 104 to create a magnetic circuit. As illustrated 1n FIG. 1,
the permanently charged magnetic element 104 may be radi-
ally spaced from the second magnetic element 103 such that
the second magnetic element 105 and the permanently
charged magnetic element 104 cooperatively define the mag-
netic field 112 (also referred to as an annular air gap or
magnetic gap) between these two components. In operation,
the magnetic gap 112 1s immersed 1n the permanent magnetic
field established by the magnetic the motor system 102.
While the embodiment 1llustrated in FIG. 1 1s cylindrical and
symmetrical about the center axis 130, one of ordinary skill in
the art would understand that alternative implementations
may be used 1 accordance with the imvention, such as, for
example, square or asymmetric transducers 100.

The second magnetic element 105 includes a stacked
arrangement of ferromagnetic components that may have any
suitable configuration such as plates, disks, or the like. The
voice coils 148, 149, 150, may generally be any component
that oscillates 1n response to electrical current while being
subjected to the magnetic field established by the motor sys-
tem 102. In one implementation, the coils 148, 149, 150 arc
constructed from an elongated conductive element such as a
wire that 1s wound about the central axis 130 in a generally
cylindrical or helical manner. The coils 148, 149, 150 may be
mechanically referenced to, or communicate with, the dia-
phragm 120 by any suitable means that enables the multi-coil
configuration 106 to consequently actuate or drive the dia-
phragm 120 1n an oscillating manner, thus producing
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mechanical sound energy correlating to the electrical signals
transmitted through the multi-coil configuration 106.

In the 1llustrated example, the coils 148, 149, 150 mechani-
cally communicate with the diaphragm 120 through a coil
support structure or member such as a coil former 144. The
coil former 144 may be cylindrical as illustrated by example
in FIG. 1, and may be composed of a stiil, thermally resistant
material such as, for example, a suitable plastic (e.g., polya-
mide, etc.). The coil former 144 also functions to support the
coils 148-150. The diameter of the coil former 144 1s greater
than the outside diameter of the second magnetic element 105
and less than the 1inside diameter of the permanently charged
magnetic element 104, enabling the coil former 144 1n prac-
tice to extend into, and be free to move axially through, the
magnetic gap 112 between the second magnetic element 105
and the permanently charged magnetic element 104.

As previously noted, the transducer 100 has a multiple-coil
drive or multiple-coil motor configuration (also referred to as
a multi-coil configuration). As previously explained, the
voice coils 148, 149, 150 are wound adjacent each other (as
illustrated in FIG. 1), or wound together in a bifilar, trifilar (or
generally, in a multifilar) configuration. Although the
embodiment illustrated in FI1G. 1 shows three voice coils, four
or more voice coills may be used in accordance with the
invention. In addition to the adjacent configuration described
above and illustrated 1n FIG. 1, and the multifilar configura-
tion described above (but not 1llustrated), the coils may have
other configurations, such as those illustrated in FIGS. 3-5.

For example, FIGS. 3-5 illustrate three examples of ditter-
ent a structural configurations for the voice coils for utiliza-
tion 1n a selectable impedance transducer. As illustrated in
FIG. 3, two coils 149, 150 may be wound radially adjacent to
cach other (or, though not illustrated, 1n a bifilar fashion),
while the third 148 may be located axially above the first two
voice coils 149, 150 toward the dust cap 124 (or alternatively,
below the first two coils 149, 150 toward the back plate 108).
In this configuration, a wire may be wound around the coil
tormer 144 for a desired number of turns so as to form the first
two coils 149, 150, then run up (or down) the side of the coil
former 144 for an axial distance, and then wound around the
coil former 144 for a desired number of turns to form the third
(lower or rear) coil 148 that1s axially spaced from the first two
coils 149, 150. The portion of the wire extending between the
first two coils 149, 150 and the third coi1l 148 may be isulated
to electrically 1solate the axially spaced coil portions. The two
ends of the wire may be connected to any suitable circuitry
(including, for example, an amplifier) for driving the loud-
speaker 100. The first two coils 149, 150 and the third co1l 148
may be positioned on the coil former 144 such that at any
given time during operation of the loudspeaker 100, at least a
portion of one or more of the coils 1s disposed 1n the magnetic
gap 112. One of skill in the art would understand that the coils
may be positioned 1n numerous different configurations as
well. For example, as illustrated 1in FIG. 3, one coil 148 may
be located 1n an upper or front portion of the coil former 144
with the second coil 149 located axially below the first coil
148 (toward the back plate 108), and the third coil 150 located
adjacent and around the outside of the first two coils 148, 149.
Alternatively, as illustrated 1n FI1G. 4, the coils may each be
located adjacent each other 1n the axial direction.

The coils may be connected 1n numerous combinations in
cither series and/or 1n parallel such that the net or nominal
impedance of the loudspeaker can be varied. To facilitate the
variability of the net impedance of the loudspeaker, two or
more of the voice coils may be connected to a switch. The
switch may be any know switch such as, for example, a diode

switch, or a double-pole double-throw (DPDT) switch. By
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varying the net resistance of the coil combination by switch-
ing the circuit configuration, the resulting loudspeaker
impedance(s) can be optimized such that the two or more
variations may have the same electrical parameters (e.g., the
same electromotive force). For example, a selectable imped-
ance transducer may be produced having a load that 1s swit-
chable between a 2-ohm configuration and a 4-ohm configu-
ration, with both configurations having the same
clectromotive force. Alternatively, the coils may be selected
so that at least one electrical parameter 1s different for a
particular application, depending on the net impedance.

FIG. 2 1s a circuit diagram illustrating an example of one
implementation of an electrical configuration of the voice
coils for utilization in the transducer of FIG. 1. In this
example, the first two coils 148 and 149 are connected 1n
series via a switch 202, and a third coil 150 1s connected 1n
parallel with the driver terminal 204. In one example, each of
the first two coils 148 and 149 have anet DC resistance (DCR)
of 5.0 ohms, and the third coi1l 150 has a net DCR 01 6.8 ohms.
When the switch 202 1s 1n a first position, each of the three
coils 148, 149, 150 1s connected 1n parallel with the driver
terminal 204. This configuration, which will be referred to in
this example as driver A, results 1n a net DCR of 1.83 ohms
(roughly a 2 ohm impedance). When the switch 202 1s in a
second position, the first and second coils 148 and 149 are
connected 1n series, and that combination 1s 1n parallel with
both the driver terminal 204 and the third coi1l 150. This
configuration, which will be referred to as driver B, results 1n
a net DCR of 4.05 ohms (roughly a 4 ohm impedance).
Further, the voice coils 148, 149 and 150 may be optimized
such that the resulting electromotive force (BL*/Rc) of driv-
ers A and B, respectively, are within 2% of each other. In this
case the net or nominal DCR (as explained above), and the
voltage sensitivity (SPL), are different for drivers A and B. In
addition, drivers A and B may have the same frequency
response 1n a given box design whether ported, sealed, band
passed, or otherwise. Determination of the values for the
resistance of the individual voice coils may be done based on
trial and error testing, or via a known iterative process, based
on the desired characteristics.

FIG. 6 1s an electrical diagram illustrating a first example of
two alternative sound system configurations 603 and 605
using one embodiment of a selectable impedance multiple
coil loudspeaker 601. Each of the selectable impedance loud-
speakers 601 utilized in the alternative sound system configu-
rations of FIG. 6, 603 and 605 respectively, may include three
voice coils and a switch, such as the electrical configuration
illustrated 1n FIG. 2, and the net impedance of each loud-
speaker 601 may be, for example, switchable between 2 ohms
and 4 ohms. As explained below, and as will be understood by
one of skill in the art, the impedance values for each of the
voice coills may be selected based on a variety of desired
output results and values. For example, the voice coils may
cach have an impedance value of 6 ohms, such that with the
switch 1n a first position, each of the three coils 1s 1n parallel,
resulting 1n a net impedance of 2-ohms, and with the switch in
a second position, two coils are 1n series, and this series
arrangement 1s 1n parallel with the third coil, resulting 1n a net
impedance of 4-ohms.

In the example of FIG. 6, the first example sound system
configuration 603 uses one of the selectable impedance loud-
speakers 601 switchable between a net impedance of 2 ohms
or 4 ohms as described above, and the second example sound
system configuration 6035 uses two selectable impedance
loudspeakers 601, each switchable between a net impedance
of 2 ohms or 4 ohms. To design a sound system having a 2
ohm output load, a user or system designer may use, for
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example, one of the selectable impedance loudspeakers 601
in 1ts 2-ohm configuration (1.e., switch 1n a first position), or
two of the selectable impedance loudspeakers 601 1n their
4-ohm configuration (1.e., switches i1n the second position)
wired 1n parallel. Thus the same loudspeaker design can be
used 1n a single loudspeaker application or a dual loudspeaker
application, with a net overall system impedance of 2 ohms 1n
either case. This may greatly simplily management of the
sales and inventory of loudspeakers, because it reduces the
number of loudspeaker models which a seller must carry.

FIG. 7 1s an electrical diagram 1illustrating a second
example of two alternative sound system configurations 703,
705 using one embodiment of a selectable impedance loud-
speaker 701. Each of the selectable impedance loudspeakers
701 utilized 1n the alternative sound system configurations of
FIG. 7, 703 and 705 respectively, may include three voice
coils and a switch, such as the electrical configuration 1llus-
trated 1n FIG. 2, and the net impedance of each loudspeaker
701 may be, for example, switchable between 4 ohms and 6
ohms. As explained below, and as will be understood by one
of skill in the art, the impedance values for each of the voice
colls may be selected based on a variety of desired output
results and values.

In the example of FIG. 7, the first example sound system
configuration 703 uses one of the selectable impedance loud-
speakers 701 switchable between a net impedance of 4 ohms
and 6 ohms as described above, and the second example
sound system configuration 705 uses two selectable imped-
ance loudspeakers 701, each switchable between a net imped-
ance ol 4 ohms and 6 ochms. To design a sound system having
a 2 ohm output load using two or more of the loudspeakers
701, a user or system designer may use, for example, two of
the selectable impedance loudspeakers 701 1n their 4-ohm
configuration (i.e., switch in a first position) wired in parallel,
or three of the selectable impedance loudspeakers 701 1n their
6-ohm configuration (1.e., switches in the second position)
wired 1n parallel. Thus again, the same loudspeaker design
can be used i a dual loudspeaker application or a triple
loudspeaker application, with a net overall system impedance
of 2 ohms 1n either case.

As explamned above, the net impedance(s) for a loud-
speaker having a variable impedance transducer 100 may be
optimized. For example, symmetrical voice coils (e.g., three
6-ohm coils) may be configured to yield a loudspeaker
capable of being wired to give a DCR of 2 ohms (all three
6-ohm coils 1n parallel), or 4 ohms (two 6-ohm coils 1n series,
and then together 1n parallel with the third 6-ohm coil). How-
ever, the DCR of each of the voice coils may be selected such
that the final parameters of each driver mode would provide
the same electromotive force (the transducer parameters
(B*L) 2/Rc). For example, two 5.6-ohm coils and one 7-ohm
coil may be used to give the same target electromotive force
in both the 4-ohm 1mpedance mode (the two 5.6-ohm coils 1n
series, and then together 1n parallel with the 7-ohm coi1l) and
the 2-ohm 1mpedance mode (each of the three coils 1n paral-
lel). In this example, the impedances for the voice coils are
selected so as to produce the same target electromotive force
for each loudspeaker. However, the coils may alternatively be
optimized so as to produce a loudspeaker switchable between
two different loads, where each load results 1n the same output
(SPL) response. In this case, the switch would allow a system
designer, mnstaller and/or consumer/user to switch between a
midrange loudspeaker that 1s optimized for use with, for
example, a subwooler versus a midrange loudspeaker that 1s
intended to play full-frequency band. As yet another alterna-
tive, the coils may be selected so as to increase the power
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capacity of the resulting loudspeaker(s), thus optimizing the
loudspeakers from a power-handling perspective.

FIG. 8 illustrates a frequency response curve for a 2-ohm
nominal impedance loudspeaker 802 and a {frequency
response curve for a 4-ohm nominal impedance loudspeaker,
cach loudspeaker having more than two voice coils optimized
pursuant to the present invention. As 1llustrated 1n this FIG. 8,
while the frequency responses 802, 804 are the same for each
clectrical configuration, the SPL 1s different for each electri-
cal configuration.

Generally, 1 operation, the loudspeaker 100 recerves an
input of electrical signals at an appropriate connection to the
voice coils, and converts the electrical signals 1nto acoustic
signals according to mechanisms brietly summarized above
in this disclosure and readily appreciated by persons skilled in
the art. The acoustic signals propagate or radiate from the
vibrating diaphragm 120 to the ambient environment. While
the specific example 1llustrated in FI1G. 1 provides three coils
148, 149, 150, 1t will be understood that other implementa-
tions may provide more than three coils. The voice coils may
be either two-layer, three-layer or six-layer voice coils (or
more). Further, the magnets may be composed of any perma-
nent magnetic material such as, for example, a ceramic,
alnico, or a magnetic rare earth metal, particularly neody-
mium (Nd) or a composition including neodymium such as a
composition including neodymium, 1ron, and boron. In addi-
tion, multiple magnets of the same or different materials may
be stacked to produce a net permanent magnet. In this context,
a permanent magnet 1s a magnet that retains its magnetism
alter being removed from a magnetic field. It will also be
understood that field coils may be used as well to produce a
static magnetic field.

Other devices, apparatus, systems, methods, features and
advantages of the invention will be or will become apparent to
one with skill in the art upon examination of the following
figures and detailed description. It 1s intended that all such
additional systems, methods, features and advantages be
included within this description, be within the scope of the
invention, and be protected by the accompanying claims.

The foregoing description of implementations has been
presented for purposes of illustration and description. It 1s not
exhaustive and does not limit the claimed inventions to the
precise form disclosed. Modifications and variations are pos-
sible 1n light of the above description or may be acquired from
practicing the invention. The claims and their equivalents
define the scope of the mnvention.

What 1s claimed 1s:

1. A vanable-impedance electro acoustic transducer com-

prising:

a coil former spaced within an air gap formed between a
first magnet and at least a second magnet, the co1l former
around which at least three coils are wound, the first
magnet being disposed between a top pole and a bottom
pole plate directly coupled to the at least second magnet;
and

a single switch 1n communication with a first coil and a
second coil such that when the single switch 1s 1n a first
position the transducer has first net impedance value,
and when the single switch 1s 1n a second position the
transducer has a second net impedance value;

where when the single switch 1s 1n the first position, the first
coil 1s 1n series with the second coil to form a series
combination 1n parallel with a third coil, and when the
single switch 1s 1 the second position, the first coil 15 1n
parallel with both the second coil and the third coail.
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2. The transducer of claim 1 where the single switch has a
third position such that when the single switch is 1n the third
position the transducer has a third net impedance value.

3. The transducer of claim 1 further comprising a magnetic
assembly for creating a static magnetic field with which the at
least three coils are electro-dynamically coupled.

4. The transducer of claim 3 where the magnetic assembly
includes a permanently charged magnet 1n communication
with a second magnet.

5. The transducer of claim 4 where the magnetic assembly
1s symmetric about a central axis.

6. The transducer of claim 4 where the magnetic assembly
1s asymmetric relative to a central axis.

7. The transducer of claim 1 where each of the at least three
coils 1s comprised of a single layer winding.

8. The transducer of claim 1 where each of the at least three
coils 1s comprised of a dual layer winding.

9. The transducer of claim 1 where each of the at least three
coils 1s comprised of a winding having more than two layers.

10. The transducer of claim 1 where a first coil 1s wound
radially adjacent to a second coul.

11. The transducer of claim 1 where a third coil 1s wound
radially adjacent to the first coil or the second coil.

12. The transducer of claim 1 where a first co1l and a second
coil are wound together 1n a bifilar configuration.

13. The transducer of claim 1 where a first coil, a second
coil and a third coil are wound together 1n a trifilar configu-
ration.

14. The transducer of claim 1 where a third coil 1s posi-
tioned axially adjacent to the first and second coils.

15. The transducer of claim 1 where a first coil 1s positioned
axially adjacent a second coil.

16. The transducer of claim 1 where a third coil 1s posi-
tioned axially adjacent the first coil or the second coil, radially
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adjacent the first coil or the second coil, or at least partially
radially adjacent both the first coil and the second coal.
17. The transducer of claim 1 where each of the at least

three coils has a corresponding impedance value optimized
such that an electromotive force value of the transducer when
the single switch 1s 1n the {first position 1s the same as an
clectromotive force value of the transducer when the single
switch 1s 1n the second position.

18. The transducer of claim 1 where the first net impedance
value 1s approximately 2 ohms, and the second net impedance
value 1s approximately 4 ohms.

19. The transducer of claim 1 where the first net impedance
value 1s approximately 1 ohm and the second net impedance
value 1s approximately 2 ohms.

20. The transducer of claim 1 where the first coil has a net
DC resistance of approximately 5.0 ohms, the second coil has
a net DC resistance of approximately 5.0 ohms, and the third
coil has net DC resistance of approximately 6.8 ohms.

21. The transducer of claim 1 where the first co1l has a net
DC resistance of approximately 5.6 ohms, the second coil has
a net DC resistance of approximately 5.6 ohms, and the third
coil has net DC resistance of approximately 7.0 ohms.

22. The transducer of claim 1 where the first coil has a net
DC resistance of approximately 6 ohms, the second coil has a
net DC resistance of approximately 6 ohms, and the third coil
has net DC resistance of approximately 6.0 ochms.

23. The transducer of claim 1 where each of the at least
three coils has a corresponding impedance value optimized so
that a voltage sensitivity response (SPL) of the transducer
when the single switch 1s 1n the first position 1s the same as a
SPL response of the transducer when the single switch 1s 1n
the second position.
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